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ESTIMATES OF PRIMARY AND SECONDARY PARTICLE DWES BEHIND 
ALUMINUM AND POLYETHYLENE SLABS DUE TO INCIDENT 

SOLA%FLARE AND VAN ALLEN BELT PROTONS 

W. Wayne Scot t  

ABSTRClCT 

Primary proton and secondary p a r t i c l e  doses (both 
physical  and biologica1)behind aluminum and polyethylene 
s labs  of varying thicknesses have been computed f o r  
normally incident  so la r - f la re  protons with spectra  of 
cha rac t e r i s t i c  r i g i d i t i e s  (Po = 50, 60, 80, 100, 120, and 
195 MV) and f o r  the Freden-White spectrum of protons i n  
the Van Allen b e l t .  The computations were performed with 
a proton penetrat ion code ( CCC-~~/LPSC) recent ly  developed 
by the  NASA Lewis Research Center. 

I. INTRODUCTION 

It i s  known t h a t  several  intense sources of rad ia t ion  e x i s t  i n  our 
space environment which present  a hazard t o  manned space f l i g h t s ,  and 

protect ion aga ins t  these radiat ions must be provided f o r  i f  man i s  t o  

venture i n t o  space successfully.  In  order t o  determine the shielding 
necessary t o  reduce the rad ia t ion  t o  to le rab le  l i m i t s  one must consider 

the  s t rength and nature of the radiation, the in te rac t ion  of t he  radia- 

t i o n  with the sh ie ld  materials,  and the  e f f e c t  on an astronaut of the 

rad ia t ion  which penetrates  the shield. 
m 

A s  p a r t  of a continuing study of the in te rac t ions  of protons with 

shielding materials,  the  r e s u l t s  obtained with severa l  proton-penetration 

codes ava i lab le  t o  the  Radiation Shielding Information Center were r e -  

cen t ly  compared, ' and the comparison substant ia ted t o  some degree ( see  

comments i n  r e f .  1) the v a l i d i t y  o f  a NASA Lewis Research Center code2 

(LF'SC)* f o r  ca lcu la t ing  sh ie ld  penetration data of i n t e r e s t  t o  NASA shield 

*Packaged f o r  d i s t r ibu t ion  by the Radiation Shielding Information Center 
as cCC-~~/LPSC. 
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designers.* Thus some confidence i n  the shielding code i t s e l f  having 

been established, LPSC was used t o  estimate the  doses behind aluminum 

and polyethylene s labs  that  r e s u l t  from protons normally incident  on the  

slabs. The incident spectra  were assumed t o  be those of so la r - f la re  

protons and of Freden-White protons.3 

doses were obtained, and the r e s u l t s  a re  presented i n  both graphic and 

tabulated form. 

Both primary and secondary p a r t i c l e  

11. LPSC: CODE DESCRIPTION 

LPSC calculates  the primary and secondary p a r t i c l e  doses behind 

multi layer shields  of i n f i n i t e  extent  and f i n i t e  thickness due t o  a 

prescribed incident spectrum of protons. Since a very de ta i led  descrip- 

t i on  of the code i s  given i n  r e f .  2, only a few general  comments w i l l  be 
presented here. 

The straightahead approximation i s  used i n  t r e a t i n g  the high-energy 

"cascade" pa r t i c l e s  produced from nonelastic co l l i s ions  -- t h a t  i s ,  it 

i s  assumed that when a nonelastic co l l i s ion  occurs, the high-energy 

secondary pa r t i c l e s  a re  emitted i n  the d i rec t ion  of t he  incident  pa r t i c l e s .  

The code assumes tha t  the low-energy 'levaporation" secondary neutrons 

from nonelastic co l l i s ions  a re  emitted i so t rop ica l ly  and takes i n t o  

account t h i s  angular dependence. Data developed by Bert ini4 f o r  p a r t i -  

c l e  production from high-energy nonelastic co l l i s ions  have been 

incorporated in to  the code. 

111. RADIATION SOURCES 

The radiat ion environment i n  space cons is t s  of th ree  major compo- 

nents: galact ic  cosmic rays, so l a r  cosmic rays, and the  so-called Van 

Allen entrapped radiations.  Fortunately, however, t he  in t ens i ty  of 

cosmic rays i s  small ( IJ 2 particles/c$-sec),  and the dose from them 

can be neglected unless very long missions are contemplated. Therefore, 

*It should be noted a t  t h i s  poin t  t h a t  f o r  the comparisons presented i n  
ref. 1 the upper l i m i t  on the incident  f l a r e  spec t r a  w a s  400 MeV, whereas 
f o r  these calculations the upper l imi t  has been extended t o  1 GeV. The 
e r r o r  caused by the extension i s  not  known bu t  i s  probably not large 
since the higher energy incident  protons do no t  cont r ibu te  an excessive 
amount t o  the total dose. 
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t h i s  pap - r  will consider only doses tha t  r e s u l t  f r o m  so l a r  cosmic rays 

and Van A l i  n radiations.  

Solar  cosmic rays a re  high-energy pa r t i c l e s  emitted wher, d i s t u r -  

bances of poorly understood or ig in  -- so lar  f l a r e  events -- take place 

on the sun. These pa r t i c l e s  present t he  major rad ia t ion  hazard f o r  space 

t r a v e l  outside the  ea r th ' s  magnetic f i e ld .  The p a r t i c l e  f lux  i s  composed 

of protons, a varying number of alpha pa r t i c l e s  and a s m a l l  admixture 

of heavier nuclei;  however, f o r  the purpose of computing dose i n  these 

calculat ions only protons a re  considered. 

A s t a t i s t i c a l  analysis  of the  so la r  proton events f o r  the purposes 

of making dose estimations w a s  carr ied out by Modisette and c o - ~ o r k e r s . ~  

This became a necessi ty  i n  t h a t  the in t ens i ty  and energy spectrum vary 

markedly from event t o  event. 

i n t e g r a l  proton s p e c t r m  may be represented as 

The time-integrated omidirectional 

where 

J ( > E) = number of protons per  u n i t  area i n  the  f l a r e  having 
P 

k ine t ic  energy greater  than E, 

P(E) = r i g i d i t y  

= pc/Ze, 

p = p a r t i c l e  momentum, 

c = speed of l igh t ,  

Z = charge number (1 f o r  protons),  

e = electronic  charge, 

Jo, Po = parameters which characterize a pa r t i cu la r  flare. 

Modisette e t  al.5 give values of the  parameters Jo and Po f o r  a -- 
l a r g e  number of f l a r e s .  

and t h a t  the t o t a l  number of protons with energy greater  than 30 MeV 

v a r i e s  from lo6 protons/cm2 t o  lo9 protons/c$. 

They find t h a t  Po va r i e s  between 50 and 200 MV 

Thus t h i s  range of Po 
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values characterizes the  so la r - f la re  spectra  which have been considered 

for the  dose computations herein. 

The d i f f e r e n t i a l  k ine t ic  energy spectra  obtained by d i f fe ren t ia t ing  

Eq. 3.1, i.e.,  

d J J  E + M  

where M = proton rest-mass energy, a r e  shown i n  Fig. 1 f o r  Po values of 

200, 100, and 50 MV, respectively.6 

spectra are normalized t o  contain lo9 protons/c& with r i g i d i t y  greater  

than the  r i g i d i t y  of a 30-MeV proton. 

P 
I n  t h i s  f igure  a l l  of the f lare 

The entrapped radiat ion i n  the e a r t h ' s  magnetic f i e ld ,  t h a t  i s ,  the  

radiation which makes up the  Van Allen be l t s ,3  i s  reasonably local ized 

and i s  of primary importance when one considers o r b i t a l  missions about 

the ear th  which repeatedly pass through the  b e l t s .  

composed of both protons and electrons,  bu t  only the  protons a re  of 

i n t e r e s t  here. 

against  for a pa r t i cu la r  mission, it i s  necessary t o  know e x p l i c i t l y  the  

o r b i t  for the mission. 

mind, t he  proton spectrum as measured by Freden and White3 i s  taken t o  be 

roughly representative of the kind of spectrum which must be shielded 

against  i n  the proton b e l t .  For comparison purposes t h i s  spectrum i s  

included i n  Fig. 1. 

the r igh t  ordinate of the graph.) 

This rad ia t ion  i s  

To determine the proton spectrum which must be shielded 

However, i n  order t o  have something spec i f ic  i n  

(Note the Van Allen proton flux scale  i s  shown on 

IV. RFSULTS 

Dose estimates behind varying thicknesses of aluminum and poly- 

ethylene slab shields  were calculated f o r  so l a r - f l a r e  spectra  of 

charac te r i s t ic  r i g i d i t i e s ,  PO = 50, 60, 80, 100, 120, and 195 MV, and f o r  

the Freden-White proton spectrum. These r e s u l t s  a r e  presented i n  Figs. 

2 and 3 and i n  Tables 1-14. 
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Fig. 1. Spectra of  Solar-Flare Protons f o r  Po = 50, 100, and 200 MV 
and Freden-White Spectrum f o r  Protons i n  Van Allen Belt .  
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Figures 2 and 3 represent the t o t a l  dose vs shield thickness f o r  

the range of PO values. These curves a re  la rge ly  self-explanatory. The 

l a rge r  the PO value 

The dose from the  Freden-White spectrum i s  seen t o  be somewhat harder 
than the  dose from the  r l a r e  spectra. 

the more slowly the dose curve fa l ls  off with depth. 

Tables 1-14 (copies of computer output sheets) each show the  dose 

r e su l t s  for a pa r t i cu la r  so l a r  f l a r e  (Tables 1-12) or f o r  t he  Freden- 

White spectrum (Tables 13-14). 
self-explanatory. Doses shown i n  Tables 1-12 represent t he  dose per 

f l a r e  with the incident  i n t eg ra l  spectrum normalized t o  one proton with 

energy greater than 30 MeV. 

The columns a re  labeled s o  as t o  be 

Tables 13 and 14 represent the  dose per second f o r  t h e  Freden-White 
spectrum as  presented i n  Fig. 1. 
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